Bromage has reported that cutaneous hypalgesia was more intense, faster in onset and longer in duration after the epidural injection of an epinephrine-morphine mixture, than after plain epidural morphine) Side effects of pruritus, nausea, vomiting and difficulty of micturition were also more intense after the epinephrine-morphine combination. The effects of epidural ephinephrine (50 p,g) alone were also studied and it was found that objective signs of limited, segmental hypalgesia developed 20 minutes after injection and that this effect lasted six hours.
This study was undertaken to evaluate prospectively the effect of epinephrine, as an adjuvant to the local anaesthetic for Caesarean section, on the incidence and severity of pruritus occurring after epidural morphine administration.
Methods
Following institutional approval, 66 patients, ASA physical status I or II, scheduled for elective Caesarean section were entered into the study. Informed consent was obtained from each patient.
Following placement of an indwelling epidural catheter at either L2-3 or L3~, one of three local anaesthetic solutions was injected through the catheter to achieve a sensory level of T3 or I"4.
The patients were randomly allocated to the three groups according to a previously determined schedule. Group I received 0.5 per cent bupivacaine plain for a 3 ml test dose and anaesthesia. Group I1 received 0.5 per cent bupivacaine with freshly added epinephrine to a concentration of 1:400,000, for the 3 ml test dose and anaesthesia. Group Ill received 0.5 per cent bupivacaine with 1:200,000 epinephrine (freshly added), for the 3 ml test dose All values are mean -+ S.E. *See text for criteria for determining incidence.
tp < 0.05.
followed by 0.5 per cent bupivacaine plain for anaesthesia.
Blood pressure, and ECG were monitored throughout the procedure and the patients received oxygen by face mask until the baby was born. Twenty minutes after delivery, each patient was given 5 mg preservative-free morphine in 10 ml of 0.9 per cent saline through the epidural catheter. At the end of the procedure, the epidural catheter was removed and the patient was transferred to the recovery room.
Each patient was given a visual analogue "itch scale" (0-10cm) to complete when itching "became bothersome" or six hours after administration of the epidural morphine. The chart of each patient was reviewed to determine if any medication had been given for pruritus. Neither the nursing staff nor the patients were aware of the local anaesthetic solution used.
Data were analyzed for statistical significance using Student's t test, the Mann-Whitney U test and chi square analysis, where indicated. A p value less than 0.05 was considered statistically significant.
Results
Sixty-six patients were studied. There were 20 patients in Group I, 25 in Group II and 21 in Group III. The patient populations in the three groups were similar in respect to age, height, and weight. The volume of the local anaesthetic used for Group I was slightly greater than that for the groups containing epinephrine-20.3 +--2.6 ml, versus 18.0 -1.3 ml for Group 1I and 18.5 ---1.2 ml for Group HI. The amount of epinephrine in Group II was 45.1 ---32 ~g (mean ---S.E.) (Table I) .
If one assumes that a value of less than two on the visual analogue scale is associated with very mild pruritus -such that one has to ask about it to elicit the information, then one can use a value of greater than two as a measure of incidence of pruritus. Group I had an incidence of 65 per cent, group II an incidence of 76 per cent and group III an incidence of 100 per cent (Table I) .
The mean scores of the severity of the pruritus (as measured on the visual analogue scale) were 2.6 -0.4 for Group I, 4.5 -0.7 for Group II and 6.4 • 0.5 for Group III. Using the Mann-Whitney U test the differences between Groups I and 11, I and Ili and 1I and III were all statistically significant, p < 0.05 (Table II) .
The number of patients who received medication (benadryl and/or naloxone) for pruritus was 5 in Group I, 15 in Group II and 11 in Group ILl (Table  III) . Using chi square analysis the difference between the groups is statistically significant p < 0.01. There were two patients in Group I with pruritus scores greater than five and 0 patients with scores greater than eight, while in Group II, there were 13 with a score greater than five and four with a score greater than eight and Group 111 contained 16 patients with scores greater than five and seven patients with scores greater than eight. These results also differ significantly (Table III) . 
Discussion
In 1983 Bromage demonstrated that segmental hypalgesia occurred after injection of epinephrine in saline into the epidural space and that this effect lasted six hours. No adverse effects, such as pruritus, were found. As well, in volunteers he demonstrated that epinephrine added to epidural morphine enhanced the severity of all the sideeffects of epidural morphine, including depression of respiratory sensitivity to carbon dioxide, t These findings were confirmed by Collier. ~ To date, there has not been a study to examine the effects of epinephrine added to the local anaesthetic, at the time of anaesthesia, on the side-effects of epidural morphine, administered later. The side-effect of epidural morphine which is easiest to measure, albeit subjectively, is pruritus. Pruritus generally appears approximately 3.0 -0.33 hours and lasts for 5.5 ---4 hours after injection of epidural morphine. 3 By selecting a time of six hours after administration of epidural morphine or when "itching became bothersome" for the completion of the visual analogue "itch scale," it was felt that this would provide a fairly accurate representation of the severity of the patient's pruritus. Although the measurement is subjective, one would expect patients in all groups to be equivalent in their perceptions of the degree of pruritus.
The incidence of pruritus which was noted for Groups I and II compares with that shown in several studies. 4-6 The 100 per cent incidence in group III (the "test dose" group) is comparable to Bromage's study in volunteers where he found that epinephrine added to epidural morphine resulted in a 100 per cent incidence of pruritus. He used a 10 mg dose of morphine, in contrast to the 5 mg used in this study. J Epinephrine was freshly added to each of the solutions used. This was done to rule out the effect of pH change. Commercial preparations of epinephrine-containing local anaesthetic solutions have a lower pH than non-epinephrine containing solutions. The pH of plain 0.5 per cent bupivacaine is 5.37 while that of bupivacaine with 1:200,000 epinephrine is 3.80. 7 As the authors are unaware of the effect ofpH change on the action of epinephrine in the epidural space, it was decided to maintain a constant pH of bupivacaine in this study. This study has demonstrated that the addition of epinephrine to the local anaesthetic still exerts an enhancing effect on epidural morphine-induced pruritus, even though 45-65 minutes had elapsed since the administration of the epinephrine. As Bromage demonstrated that the effect of epinephrine alone lasted six hours, this should not be surprising. 1 One of the more interesting findings from this study is that the enhancement of the pruritus does not appear to be dose-related, in that the 15 ~g epinephrine (test dose) exerted a slightly greater effect than the larger dose of epinephrine (45.1 ---3.2 ~.g). This may imply that the initial amount of epinephrine injected into the epidural space may be the critical factor in determining the overall response.
This study has shown an enhancement of epidural morphine induced pruritus by the addition of epinephrine to the local anaesthetic. As volunteer studies j'2 have shown that all of the side effects of epidural morphine are enhanced by the addition of epinephrine to the morphine, the side effects of nausea, vomiting, urinary retention and respiratory depression might also be increased when epinephrine is added to the local anaesthetic. Clinically, this may be important in relation to the risk of respiratory depression. This study did not examine the other side-effects and this is an area which needs to be addressed.
With the increased emphasis on the use of an epinephrine-containing test dose, the findings of this study need to be considered. It may be possible to have the same degree of analgesia from a lower dose of epidural morphine. Bromage demonstrated better and longer lasting analgesia when epinephrine was added to epidural morphine. A doubleblind study, comparing the analgesia and side effects of lower doses of epidural morphine following local anaesthesia with plain and epinephrinecontaining solutions, needs to be done.
Conclusion
This study has demonstrated that the addition of epinephrine to the local anaesthetic used for Caesarean section anaesthesia increases the severity of the epidural morphine-induced pruritus. The possibility that other side effects might also be enhanced needs to be addressed. More information is required on the pharmacokinetics of epinephrine in the epidural space. CANADIAN 
